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COMP0;JNPS AND METHODS FOR TN HIBTTTON OF 
5 PROTEIN-PROTEIN TNTRR ArTTOMf^ 

Background of the InventioTi 

The invention relates to compounds, compositions, and methods for 

blocking protein-protein interactions. 

Many pharmaceutical drugs act by blocking the binding of an 

10 enz>TOe to its substrate. In order for these drugs to block this interaction 

effectively, they must bind to the target enzymes more tightly than the substrate 
binds. Binding strengths are determined in part by the number of favorable 
contacts between the compounds. Since most en2yme substrates are small 
molecules, small molecule dmgs can be engineered to make as many (or, if 

1 5 desired, more) contacts with the enzyme than does the substrate, facilitating 
tight enzyme interactions. As an illustration. Fig. 1 A shows an enzyme 1 
bound to its substrate 2. Fig. IB shows the enzyme 1 bound to a small 
molecule drug 3. In addition, because enzymes work by lowering the energy of 
the transition state between substrate and product, the eiizyme binds to 

20 especially tightly to transition state analogues. Drugs that resemble the 
transition state can bind more tightly to an enzyme than does the normal 
substrate, again affording an opportunity for antagonist-type drug design. 

In contrast, it is generally more difficult to engineer small molecule 
compounds that block the interaction of a target protein with another protein, 

25 because interacting proteins usually contact each other over large surface areas 
and make many favorable contacts' ^t is therefore difficult for a small molecule 
to have a greater number of favorable contacts with a protein than does another 
protein. As an illustration. Fig. IC shows two such interactmg proteins, 4 and 
5, and indicates the large nxmiber of favorable contacts between these proteins. 
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In addition, interacting proteins do not possess transition states analogous to 
those exhibited by substrates and their products. Thus, there is no specialized 
conformation that a drug can mimic to bind more effectively to a target protein. 
There are many instances in which it is therapeutically useful to 
5 block the interaction of a target protein with another protein. Examples of 
biological events fliat involve protein-protein interactions include signal 
transduction, transcription, protein ligand-receptor interactions, and protein 
assembly. 

The ability to block these processes specifically facilitates the 
1 0 development of therapies for diseases that are currently difficult to treat. 

Accordingly, compounds that block interactions such as those described above 
represent potentially useful drugs for treating, preventing, or reducing the 
severity of certain diseases or their symptoms. For example, viral infections 
(such as herpes, hepatitis C, HIV, and influenza infections) could be treated 
15 with compounds that block the assembly of viral proteins, or with compoimds 
that prevent the ligand-receptor interaction of a virus attaching to a host cell. 

Summary nf thft Tuvf^^f^^r^ 
The invention features a compound having a molecular weight of 
less than 1500 daltons that non-covalently interacts with, and covalently bonds 

20 to, a target protein at an amino acid side chain that is not part of an enzyme 
active site; a covalently bound portion of the compotmd sterically blocks the 
binding of the target protein to a second protein. The compound bonds to the 
target protein with a forward reaction rate that is at least 100 times faster than 
the forward reaction rate at which the compound bonds to the side chain of the 

25 corresponding fi-ee amino acid under physiological conditions. The compound 
may bond in such a way that essentially all, most, or only a small portion, of 
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the compound remains covalently attached to the target protein; another portion 
of the compound may serve as a leaving group. For example, in some 
instances, only an acyl group, preferably an acetyl group, remains attached to 
the target protein. 

5 A preferred compound bonds to the target protein with a forward 

reaction rate that is at least 1000 times faster than the forward reaction rate at 
which the compound bonds to the side chain of the free amino acid under 
physiological conditions, and more preferably bonds with a rate 10,000 times, 
or 100,000 times faster. The compound is preferably a synthetic compound. 

10 In addition, a preferred compound has a covalent bonding rate 

constant with the side chain of the free amino acid of less than lO'^/M/sec at 
room temperature under physiological conditions, and more preferably has a 
rate constant of less than 10"*/M/sec, or 10"^/M/sec at room temperature under 
physiological conditions. 

15 The non-specific covalent bonding rate constant for penicillin to 

form stable bonds with amino acid side chains, such as those of serine and 
lysine, is about 8 x lO'^/M/sec. Because penicillin is a useful drug whose side 
effects, which are results of its reactivity, are considered to be acceptable, it is 
expected that the side effects resulting from the non-specific reactivity of drugs 

20 with similar or smaller covalent bonding rate constants will also be acceptable. 

A preferred compound also includes a Specificity Group whose 
removal results in the bonding reaction rate with the side chain of the 
corresponding free amino acid being substantially unchanged, and the bonding 
reaction rate with the target protein being reduced to a rate that is substantially 

25 similar to the bonding reaction rate with the side chain of the free amino acid; 
the compound also includes a Bonding Group that forms the covalent bond 
with the target protein. In this compound, modification of the Specificity 
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Group does not substantially alter the bonding reactivity of the Bonding Group. 
In such preferred compounds, the Bonding Group and Specificity Group are 
connected by appropriate linkers, so that, for example, electronic effects are not 
transmitted from the Specificity Group to the Bonding Group. An example of 
5 an appropriate linker is an alkyl chain having 2-12 carbon atoms. 

Preferred target proteins include kinases, viral coat proteins, STAT 
proteins, oncogenes, transcription factors, and extracellular protein ligands, 
protein domains, and their receptors. More specifically, preferred target 
proteins include MCP-1 , Fos, and IL-1 beta. In a preferred compound, the 

1 0 Bonding Group forms a covalent bond with the side chain of the amino acid of 
the target protein as a result of the mtrinsic reactivity of the Bonding Group. 

The purpose of the Specificity Group is to direct the compound to a 
particular protein target and to position the Bonding Group near an amino acid 
side chain on the target protein; the Bonding Group will therefore have a high 

15 effective concentration, relative to the amino acid side chain, and will react 

with the side chain. An initial Specificity Group may be obtained by screening 
conventional chemical compound libraries for compounds that non-covalently 
interact with the target protein. Alternatively, the initial Specificity Group 
could be obtained by rational drug design, or by using a peptide that is known 

20 to bind to the target protein. 

For comparison purposes, the side chain of the free amino acid that 
corresponds to the amino acid that forms a covalent bond to the B group is 
used, rather than a side chain on a non-target protein. The side chain of the 
corresponding free amino acid can always be clearly defined; in addition, it will 

25 not be subject to environmental influences, such as steric factors, that may vary 
fix)m one non-target protein to the next. 

It is usefiil, during the improvement of Bifimctional Blockers that is 
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described in detail below, for the Bonding Group and Specificity Group to be 
connected so that modijScation of one Group has little effect on the other. In 
brief, improvement of Bifimctional Blockers is accomplished by systematically 
improving the Specificity Group and weakening the reactivity of the Bonding 
Group- There is an extensive body of knowledge, well known to those skilled 
in the art of organic chemistry, that predicts the relative reactivity of possible 
Bonding Groups. This knowledge can be used to systematically alter and 
weaken a Bonding Group during the course of improvement of a Bifimctional 
Blocker. However, if the Specificity Group is connected to the Bonding Group 
in such a way that the Specificity Group's composition influences the Bonding 
Group's reactivity, then it will be difficult to systematically weaken the 
reactivity of the Bonding Group. It is therefore preferable to connect these 
Groups so that they do not influence each other. 

The invention also features a compound having a molecular weight 
of less than 1500 daltons that covalently bonds to an amino acid side chain of a 
target protein that is not an enzyme; a covalently bound portion of the 
compound sterically blocks the binding of the target protein to a second 
protein. The compound bonds to the target protein with a forward reaction rate 
that is at least 100 times faster than the forward reaction rate at which the 
compound bonds to the side chain of the corresponding firee amino acid under 
physiological conditions. A preferred compound bonds to the target protein 
with a forward reaction rate that is at least 1000 times faster than the forward 
reaction rate at which the compoimd bonds to the side chain of the &eo amino 
acid under physiological conditions, and more preferably bonds with a rate 
10,000 times, or 100,000 times faster. 

In this case, a preferred compound also has a covalent bonding rate 
constant with the side chain of the free amino acid of less than 10*^/M/sec at 
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room temperature under physiological conditions, and more preferably has a 
rate constant of less than lO'^^/M/sec, or IQ-'^/M/sec at room temperature under 
physiological conditions. A preferred compound is one that is prepared 
synthetically. 

5 In addition, a preferred compound includes a Specificity Group 

whose removal results in the bonding reaction rate with the side chain of the 
free amino acid being substantially unchanged, and the bonding reaction rate 
with the target protein being reduced to a rate that is substantially similar to the 
bonding reaction rate with the side chain of the free amino acid; the compound 

1 0 also includes a Bonding Group that forms the covalent bond with the target 
protein. In this compound, modification of the Specificity Group does not 
substantially alter the bonding reactivity of the Bonding Group. Preferred 
target proteins include kinases, viral coat proteins, STAT proteins, oncogenes, 
transcription factors, and extracellular protein Hgands, protein domains, and 

1 5 their receptors . More specifically, preferred target proteins include MCP- 1 , 
Fos, and IL-1 beta. 

The invention also features a substantially pure compound having a 
molecular weight of less than 1500 daltons that includes a Specificity Group 
that non-covalently interacts with the surface of a target protein and a Bonding 

20 Group that covalently bonds to the target protein. A covalently bound portion 
of the compound competitively and sterically inhibits the binding of a second 
protein to the target protein. 

The invention fiirther features a combinatorial chemistry library 
containing at least 25 compounds. Each compound contains the same Bonding 

25 Group, which covalently bonds to the side chains of amino acids. The covalent 
bonding rate constant is between IQ-^/M/sec and lO'^/M/sec for the reaction of 
the Bonding Group with the side chain of the free amino acid that reacts most 
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rapidly with the Bonding Group to give a stable product (i.e., a product that has 
a sufficiently long half-life in physiological conditions to inhibit the target 
protein usefully). In preferred libraries, each compound also includes a 
Specificity Group. 

The invention further features a pharmaceutical composition 
including a compound having a molecular weight of less than 1500 daltons; the 
compound non-covalently interacts with, and covalently bonds to, a target 
protein at an amino acid side chain that is not part of an enzyme active site. A 
covalently bound portion of the compound sterically blocks the binding of the 
target protein to a second protein. The compound bonds to the target protein 
with a forward reaction rate that is at least 100 times faster than the forward 
reaction rate at which the compoimd bonds to the side chain of the 
corresponding free amino acid under physiological conditions. The 
pharmaceutical composition also includes a pharmaceutically acceptable 
carrier. The pharmaceutical compositions of the invention are free of 
contaminating substances, such as trace organic solvents and synthetic 
precursors, that would make the composition unacceptable for clinical use. 

In a preferred composition, the compound bonds to the target protein 
with a forward reaction rate that is at least 1000 times faster than tihe forward 
reaction rate at which the compound bonds to the side chain of the free amino 
acid under physiological conditions, and more preferably bonds with a rate 
10,000 times, or 100,000 times faster. In another preferred composition, the 
compound has a covalent bonding rate constant with the side chain of the free 
amino acid of less fean lO'^/M/sec at room temperature under physiological 
conditions, and more preferably has a rate constant of less than lO^/M/sec, or 
10*''/M/sec at room temperature under physiological conditions. 

Another preferred composition includes a compoxmd that includes a 
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Specificity Group whose removal results in the bonding reaction rate with the 
side chain of the free amino acid being substantially unchanged, and the 
bonding reaction rate with the target protein being reduced to a rate that is 
substantially similar to the bonding reaction rate with the side chain of the free 
5 amino acid. In this composition, the compound includes a Bonding Group that 
forms the covalent bond with the target protein. Modification of the Specificity 
Group does not substantially alter the bonding reactivity of the Bonding Group. 
Preferred target proteins include kinases, viral coat proteins, STAT proteins, 
oncogenes, transcription factors, and extracellular protein ligands and their 

10 receptors. More specifically, preferred target proteins include MCP-1, Fos, and 
IL-1 beta. In a preferred composition, the Bonding Group forms a covalent 
bond v/ith the amino acid side chain of the target protein as a result of the 
Bonding Group's intrinsic reactivity. 

The invention also features a composition containing a compound 

15 having a molecular weight of less than 1500 daltons that non-covalently 

interacts with, and covalently bonds to, a target protein that is not an enzyme; a 
covalently bound portion of the compound sterically blocks the binding of the 
target protein to a second protein. The compound bonds to the target protein 
with a forward reaction rate that is at least 100 times faster than the forward 

20 reaction rate at which the compound bonds to the side chain of the 

corresponding free amino acid under physiological conditions. A preferred 
composition includes a compound that bonds to the target protein with a 
forward reaction rate that is at least 1000 times faster than the forward reaction 
rate at which the compoimd bonds to the side chain of the fi^e amino acid 

25 under physiological conditions, and more preferably bonds with a rate 10,000 
times, or 100,000 times faster. 

In another preferred composition, the compoimd has a covalent 
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bonding rate constant with the side chain of the free amino acid of less than 
lO'^/M/sec at room temperature under physiological conditions, and more 
preferably has a rate constant of less than lO'^/M/sec, or 10*'/M/sec at room 
temperature under physiological conditions. 
5 In addition, a preferred composition contains a compound that 

includes a Specificity Group whose removal results in the bonding reaction rate 
with the side chain of the corresponding free amino acid being substantially 
unchanged, and the bonding reaction rate with the target protein being reduced 
to a rate that is substantially similar to the bonding reaction rate with the side 

10 chain of the free amino acid; this compound also includes a Bonding Group 
that forms the covalent bond with the target protein. Modification of the 
Specificity Group does not substantially alter the bonding reactivity of the 
Bonding Group. Preferred target proteins include kinases, viral coat proteins, 
STAT proteins, oncogenes, transcription factors, and extracellular protein 

15 ligands, protein domains, and their receptors. More specifically, preferred 
target proteins include MCP-1, Fos, and IL-1 beta. 

The invention further features a method of producing a compound 
that selectively binds to a target protein. The method includes (a) starting with 
a candidate compound having a molecular weight of less than 1500 daltons and 

20 including a first group and a second group, where the second group covalently 
bonds to an amino acid side chain of the target protein and the first group does 
not covalently bond to any amino acid side chain, but may non-covalently 
interact with the target protein; (b) testing the candidate compound for 
inhibition of the interaction of the target protein and a second protein ; (c) 

25 testing the candidate compound for binding to a non-target molecule, such as 
an amino acid or non-target protein; (d) testing the candidate compound for 
bonding reactivity of the second group with the amino acid side chain of the 
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target protein; (e) altering the first group and selecting for increased selectivity 
for the target protein, where increased selectivity is indicated by an increase in 
inhibition of the interaction of the target protein and a second protein, relative 
to binding to the non-target molecule; (f) altering the second group and 
selecting for decreased bonding reactivity of the second group with the amino 
acid side chain of the target protein and with the non-target molecule; and (g) 
optionally repeating steps (e) and (f), to obtain a compound that has selectivity 
for the target protein, relative to the non-target molecule, at least 100 times 
greater than the candidate compotind of step (a). Preferably, the compound 
selectively binds to the target protein at an amino acid side chain that is not part 
of an enzyme active site, and also binds to the target protem at a site of protein- 
protein interaction. In a preferred method, the candidate compound is present 
in or chosen from a combinatorial chemistry library. In a different preferred 
method, the compound is designed by principles of rational drug design or with 
the aid of a computer molecular modeling system. In another preferred 
method, the first group is a Specificity Group that non-covalently binds to the 
protein under physiological conditions, the second group is a Bonding Group 
that forms a covalent bond with the amino acid side chain on the protein, and 
modification of the Specificity Group does not substantially alter the reactivity 
of the Bonding Group. In still another preferred method, the candidate 
compound of step (a) is a compound having a molecular weight of less than 
1500 daltons that covalently bonds to a target protein at an amino acid side 
chain that is not part of an enzyme active site; a covalently bound portion of the 
compound sterically blocks the binding of the target protein to a second 
protein. The candidate compound bonds to the target protein with a forward 
reaction rate that is at least 100 times faster than the forward reaction rate at 
which the compound bonds to the side chain of the corresponding free amino 
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acid under physiological conditions. 

The invention also features a method of producing a compound that 
selectively binds to a target protein; the method includes (a) starting with a 
candidate compound having a molecular weight of less than 1500 daltons and 
including a first group and a second group, where the second group covalently 
bonds to an amino acid side chain of the target protein and the first group does 
not covalently bond to any amino acid side chain, but may non-covalently 
interact with the target protein; (b) testing the candidate compoimd for 
inhibition of the interaction of the target protein and a second protein; (c) 
testing the candidate compound for binding to a non-target molecule, such as 
an amino acid or non-target protein; (d) testing the candidate compound for 
bonding reactivity of the second group with the amino acid side chain of the 
target protein; (e) altering the first group and selecting for increased selectivity 
for the target protein, where increased selectivity is indicated by an increase in 
inhibition of the interaction of the target protein and a second protein, relative 
to binding to the non-target molecule; (f) altering the second group and 
selecting for decreased bonding reactivity of the second group with the amino 
acid side chain of the target protein and with the non-target molecule; and (g) 
optionally repeatmg steps (e) and (f) to obtain a compound that has a selectivity 
for the target protein, relative to the non-target molecule, at least 100 times 
greater than the candidate compound of step (a) and that has a covalent bonding 
rate with the side chain of the corresponding fi^ee amino acid of less than 
10"^/M/sec at room temperature under physiological conditions. Preferably, the 
compound selectively binds to the target protein at an amino acid side chain 
that is not part of an enzyme active site, and also binds to the target protein at a 
site of protein-protein interaction. 

The invention also features a method of producing a compound that 
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selectively binds to a target protein including (a) starting with a candidate 
compound having a molecular weight of less than 1500 daltons and including a 
first group and a second group, where the second group covalently bonds to an 
amino acid side chain of the target protein and the first group does not 
5 covalently bond to any amino acid side chain, but may non-covalently interact 
with the target protein; (b) testing the candidate compound for inhibition of the 
interaction of the target protein and a second protein; (c) testing the candidate 
compound for binding to a non-target molecule, such as an amino acid or 
non-target protein; (d) altering the first group and selecting for increased 

10 selectivity for the target protein, where increased selectivity is indicated by an 
increase in inhibition of the interaction of the target protein and a second 
protein, relative to binding to the non-target molecule; (e) replacing the second 
group with a group known to be less reactive, altering the first group, and 
selecting for substantially unchanged or increased inhibition; and (f) optionally 

15 repeating steps (d) and (e), to obtain a compound that has a selectivity for the 
target protein, relative to the non-target molecule, at least 100 times greater 
than the candidate compound of step (a). Preferably, the compound selectively 
binds to the target protein at an amino acid side chain that is not part of an 
enzyme active site, and also binds to the target protein at a site of protein- 

20 protein interaction. 

Finally, the invention features a method of sterically blocking 
protein-protein binding. The method includes contacting a target protein with a 
compound having a molecular weight of less than 1500 daltons, where the 
compound non-covalently interacts with, and covalently bonds to, the target 

25 protein at an amino acid side chain that is not part of an enzjmie active site; a 
covalently bound portion of the compound sterically blocks the binding of the 
target protein to a second protein. In addition, the compound bonds to the 
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target protein with a forward reaction rate that is at least 100 times faster than 
the forward reaction rate at which the compound bonds to the side chain of the 
corresponding free amino acid. The compound has a covalent bonding rate 
constant with the side chain of the free amino acid of less than 10"^/M/sec under 
physiological conditions. Preferred methods include those used for therapeutic 
or diagnostic purposes. Additional methods include tiiose used for pesticidal or 
herbicidal purposes. 

In preferred methods, the compounds bonds to the target protein with 
a forward reaction rate 1000 times faster than the rate at which the compound 
bonds to the side chain of the corresponding free amino acid, or 10,000, or 
100,000 times faster. In other preferred methods, the compound has a covalent 
bonding rate constant with the side chain of the free amino acid of less than 10" 
*/M/sec or 

10-^/M/sec under physiological conditions. In addition, in preferred methods, 
the compound has a Specificity Group and a Bonding Group, and modification 
of the Specificity Group does not substantially alter the reactivity of the 
Bonding Group. Preferably, this Bonding Group forms a covalent bond with 
the side chain of an amino acid of the target protein as a result of the intrinsic 
reactivity of the Bonding Group. 

Preferably, the target protein is not an enzyme and/or the compound 
is a synthetic compoxmd. Protein-protein binding can be blocked in a mammal, 
such a human. In preferred instances, the protein-protein binding that is 
blocked with this method causes a disease. 

By a "Specificity Group" or "S group" is meant a moiety that 
non-covalently interacts with a target protein, causing a Bonding Group to have 
a high local concentration near an amino acid side chain on the target protein. 
The formation of a covalent bond between the Bonding Group and the side 
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chain of the amino acid is accelerated. 

An important characteristic of the Specificity Group is that its 
removal results in the bonding reaction rate with the side chain of an amino 
acid of a target protein being substantially reduced, and the bonding rate with 
the corresponding free amino acid being substantially unchanged. 
Alternatively, removal of the Specificity Group from the compound results in 
the bonding reaction rate with the side chain of the free amino acid being 
substantially unchanged, and the bonding reaction rate with the amino acid side 
chain of the target protein being reduced to a rate that is substantially similar to 
the bonding reaction rate with that of the fi^e amino acid. 

By a "Bonding Group" or "B group" is ineant a moiety of a 
compound that forms a covalent bond with an amino acid of a target protein. 
The Bonding Group does not substantially affect the non-covalent binding 
affinity of the compound for the target protein. 

By "corresponding free amino acid" is meant a free amino acid that 
is the same amino acid as the amino acid of a target protein that forms a 
covalent bond with a compound of the invention. 

By "protein" is meant a polypeptide having at least 40 amino acids. 

By "Bifimctional Blocker" is meant a compound that 1^ an S group 
and a B group, that reacts selectively with a target protein, and in which a 
covalently bound portion of the compound sterically hinders the interaction of 
the target protein wifli another protein. 

By "room temperature" is meant 25 ''C ± S^'C. 

By "physiological solution conditions" are meant the conditions, e.g., 
temperature, pH, and concentration, that are present in the body of the treated 
organism, such as a human being or other animal, or plant 

By "standard lead-optimization procedures" are meant processes for 
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drag development that begin with the identification of a lead compound in one 
or more assays for drug activity. The identification is followed by the synthesis 
of chemical variants of the lead compound, the testing of the variants in the 
assays, and the selection of compounds with improved activity and selectivity. 
The steps of synthesis, testing, and selection are often repeated for several 
cycles. 

By "reactive" is meant capable of undergoing covalent bond 
formation or cleavage on a time scale, at concentrations, and under conditions 
that are relevant to pharmaceutical development, or under physiological 
conditions. 

By "reactive group" is meant a chemical moiety that is reactive as a 
result of its intrinsic chemical properties, and that reacts without the action of 
enzymes, photons, or molecules that are not present imder physiological 
conditions. 

By "intrinsic reactivity" is meant the ability to undergo covalent 
bond formation or cleavage without the action of enzymes, photons, or 
molecules that are not present under physiological conditions. 

By "non-target molecule" is meant any molecule that is used for 
purposes of comparison with a target molecule in examining flie reactivity of a 
reactive compound. An example of a non-target molecule is a fi-ee amino acid 
to which a reactive compound bonds; another example is a protein, other than 
the target protein, that contains the same amino acid in a solvent-accessible 
conformation. 

By "protein-protein interaction" is meant contact between proteins 
that primarily involves polypeptide regions, rather than moieties such as sugars 
or lipids that are attached to the surface of a protein. 

By "synthetic" is meant a compound or composition made by, e.g.. 
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recombinant techniques or synthetic organic techniques, rather than a 
compound isolated from a natural source. 

By "substantially pure" is meant that a compound, such as a 
Bifunctional Blocker of the invention, has been separated from substances 
5 which naturally accompany it, or which are generated during its preparation or 
extraction. Such substances include organic solvents, reaction precursors, and 
other possible contaminants. Substances such as water, buffers, chemicals 
introduced to increase the stability of the compound, or chemicals added for 
formulation purposes are not considered contaminants. Preferably the 

10 compound is at least 80%, more preferably at least 95%, and most preferably at 
least 99%, by weight, free from other compounds, such as proteins, lipids, and 
other naturally-occurring molecules with which it is naturally associated. The 
purity of the compounds of the invention can be measured by any appropriate 
method, for example, gas chromatography analysis or high performance liquid 

1 5 chromatography analysis . 

By a "disease" is meant a condition of a living organism which 
impairs normal functioning of the organism, or an organ or tissue thereof. 

The present invention provides a number of advantages. For 
example, the compounds of the invention bind to a non-enzymatic protein or to 

20 a surface of an enzyme that is not part of its active site; a covalently bound 

portion of the compound sterically blocks the binding of that protein to another 
protein. These compounds contain two distinct chemical moieties: a 
Specificity Group (S group) that mediates non-covalent interactions with a 
target protein, and a Bonding Group (B group) that covalently bonds with an 

25 amino acid on the target protein. Modification of the S group has a relatively 
small effect on the bonding activity of the B group, and modification of the B 
group has a relatively small effect on the non-covalent binding affinity of the S 
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group. As a result of these unique features, the compounds of the invention 
covalently bond to target proteins tightly enough to result in therapeutic utility, 
while at the same time bonding to non-target molecules in the body at a rate 
low enough to avoid drug allergies and other side effects that may result from 
5 non-specific interactions with non-target molecules. The methods of the 

invention provide an improvement over existing drug optimization techniques, 
in that they allow the independent optimization of distinct portions of 
compounds of the invention. 

Other features and advantages of the invention will be apparent from 
10 the following detailed description thereof, and from the claims. 

Brief Descrintion of the Drawings 
Fig. lA is a schematic representation of an enzyme bound to its 
substrate; Fig. IB is a schematic representation of an enzyme bound to an 
enzyme inhibitor; Fig. IC is a schematic representation of two interacting 
15 proteins; and Fig. I D is a schematic representation of a Bifunctional Blocker 
that is covalently bonded to a protein and that sterically blocks the binding of 
two proteins. 

Figs. 2A-2C are schematic representations of different Bifunctional 
Blockers bound to a hypothetical target protein. 
20 Figs. 3A-3C are schematic representations of different ways in which 

to alter the reactivity of a compound to nucleophilic attack. 

Fig. 4 is a schematic representation of a compound that includes an S 
group and a B group. 

Detailed Description 

25 The invention features compounds, compositions, and methods for 
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blocking protein-protein interactions. The compounds of the invention 
sterically hinder the interaction of a target protein with another protein by 
bonding to a surface of the target protein and by blocking protein-protein 
interaction. For example, as shown in Fig. ID, the compound 6 is covalently 

5 bound to a protein 4 via a covalent bond 7. The compound 6 blocks the 

binding of a second protein 5 to the target protein 4. Preferred compounds bind 
to target proteins more tightly than the protein's normal binding partners bind. 
At the same time, the preferred compounds do not significantly bind to non- 
target molecules. As such, the compounds of the invention strike a balance 

1 0 between selectivity and reactivity. 

Compounds that perform the above functions, referred to herein as 
Bifiinctional Blockers or EE's, are molecules that contain a Specificity Group 
(S group) that mediates non-covalent affinity for the target protein, and a 
distinct Bonding Group (B group) that covalently bonds to the target protein. 

1 5 The S group may also determine the orientation of the B group relative to its 
target amino acid. The S group can be varied without significantly affecting 
the bonding reactivity of the B group, and the B group can be varied without 
significantly affecting the non-covalent binding affinity of the S group to the 
target protein. 

20 Bifunctional Blockers are developed as follows. Lead compounds 

are initially identified by standard methods of medicinal chemistry, such as by 
rational drug design or by mass screening of chemical compound libraries in 
assays for drug activity. Alternatively, a lead compound may be constructed by 
the addition of a reactive group to a small-molecule drag that non-covalently 

25 binds to a target protein and sterically hinders the target protein's interaction 
with a second protein. 

The lead compounds are then improved through a method called 
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Bidirectional Optimization. By this method, the step of lead optimization of 
the S group is alternated with stepwise decreases in the covalent bonding 
reactivity of the B group. Lead optimization of the S group includes 
synthesizing chemical variants of the lead compound, testing the variants in the 
5 assays, and selecting compounds with improved activity and selectivity. Lead 
optimization often involves several cycles of improvement; it is common for 
each cycle to result in 2-fold to 50-fold improvements in aflSnity or selectivity 
for a given target. The concepts and methods of lead optimization are familiar 
to those skilled in the art of pharmaceutical development, and are documented 

10 in the medicinal chemistry literature. 

The covalent bonding reactivity of the B group is modified by 
changing factors that control rates of covalent bond formation, which are 
known to those skilled in the art of organic chemistry. For example, the 
electronic influence of a substituent on the reactivity of a small molecule is 

1 5 described by the Hammett equation. The Hammett equation can therefore be 
used to predict how the reactivity of a small molecule will vary when a 
substituent, which does not form covalent bonds to a second reactant, is 
changed. Similarly, the effects of substituting a leaving group or introducing a 
sterically hindered group can be predicted, as described in Lowry and 

20 Richardson, Mechanism and Theory in Organic Chemistry, ch. 2, 4 (3d ed. 
1987). 

The S group and the B group can be linked with a spacer group, such 
as an alkyl chain, such that modification of the S group has little effect on the 
reactivity of the B group. For example, the phenyl ring of the substituent 
25 -C6H4COOH can be seen as the S group, and the carboxyl group can be seen as 
the B group. Substituents on the S group affect the ionization constant of the B 
group in benzoic acid. The effect of the substituents on the S group, however. 
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are significantly decreased in the substituent -C6H4CH2COOH, which has a 
methylene group (the spacer group) between the S and the B group. The 
insertion of an even longer alkyl chain can further decrease the effect of 
substituents on the S group on the B group. This example illustrates one 
particular way in which the selectivity of the S group and the bonding reactivity 
of the B group may be relatively or completely independent of each other. 

Fig. 2 illustrates a simple example of Bidirectional Optimization. 
Fig. 2 A shows a non-optimized, highly reactive Bifiinctional Blocker with an S 
group 12 that binds to a target protein 13 in such a way that the B group 14 is 
positioned to bond covalently with an amino acid side chain. Fig. 2B shows a 
Bifunctional Blocker with a B group 15 that is less reactive than the B group 14 
shown in Fig. 2A; and Fig. 2C shows a Bifunctional Blocker that has an S 
group 16 that has a higher affinity for the target protein 13 than the S group 12 
shown in Fig. 2A. 

In its simplest form. Bidirectional Optimization proceeds as follows. 

(1) A candidate compound is selected using procedures known in 
the art. For example, combinatorial chemistry can be used to generate large 
niunbers of compounds that can then be screened for drug activity using. The 
methods of, e.g., Hogan, Nature Biotechnology 15: 328-330 (1997); Janda et 
al.. Methods EnzymoL 267:234-247 (1996); or Gordon, Curr. Opin, 
BiotechnoL6(6): 624-631 (1995) can be used. Alternatively, variations on the 
computer-based method of Li et al., Proc. Nat. Acad. Set 94: 73-78 (1997) can 
be used to identify an initial candidate compound with a desired activity. 

The candidate compoimd is tested for its inhibitory activity (e.g., an 
IC50 value) against the desired target protein in an assay, such as an in vivo or in 
vitro protein-protein binding assay. The compound is also tested for activity 
against non-target proteins or free amino acids in parallel assays. The assay of 
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the non-target proteins can measure, for example, inhibition of protein-protein 
interaction or inhibition of cell growth. 

The overall activity of the compound is determined by two 
parameters: the affinity of the S group for the target protein, and the reactivity 
5 of the B group with the side chain of an amino acid. These two parameters are 
altered in Bidirectional Optimization. However, because they cannot always be 
measured directly, these parameters are sometimes inferred from measurable 
quantities. The reactivity of the B group with the side chain of an amino acid 
can be measured directly; altematively, it can be inferred by assaying the 

10 compound's effect on the interaction between non-target proteins containing 
this amino acid. The affinity of the S group for the target protein cannot be 
measured directly. Instead, what is measured is the ability of a given 
Bifiinctional Blocker to inhibit the interaction between the target protein and a 
second protein. The overall activity of the Bifiinctional Blocker is then inferred 

1 5 from this inhibiting activity. The affinity of the S group can in turn be inferred 
from the overall activity of the compound, and from the reactivity of the B 
group. 

(2) Derivatives of the candidate compound selected in Step (1), in 
which the S group is varied but the B group remains unchanged, are then 

20 prepared. These derivatives are made by combinatorial chemistry techniques, 
by rational drug design methodologies, or by any other method of chemical 
design and synthesis familiar to those skilled in the art of pharmaceutical lead 
compound optimization. The derivatives are assayed against the target protein 
and non-target proteins as described in Step (1). Derivatives that exhibit 

25 increased activity against the target protein, and exhibit unchanged or 
decreased activity against the non-target proteins, are chosen for further 
development. 
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(3) The compounds selected in Step (2) are further modified by 
decreasing the reactivity of the Bonding Group. These decreases are made in 
accordance with well-established rules of chemical bond formation, as 
described in Lowry and Richardson, Mechanism and Theory in Organic 

5 Chemistry, ch. 2, 4 (3d ed. 1987). For example, the steps of changing the 

leaving group from Br to CI (shown in Fig. 3 A) or making the compound more 
sterically hindered (shown in Fig. 3B) each make a compound less reactive 
toward nucleophilic attack. In addition, adding an electron-withdrawing group 
(shown in Fig. 3C) or an electron donating group can make the compound less 
1 0 reactive toward nucleophilic attack. 

Based on the documented reactivity of chemically reactive groups, ■ 
the reactivity of the B group can be decreased in increments of 3-fold to 
20-fold, or more. The inhibitory activity of the compoimd in both the target 
assay and tiie non-target assay is decreased by about the same amount. 
Compounds with decreased reactivity are then selected for further optimization. 

When the B group is changed, the quantitative effect on reactivity 
can often be predicted with some precision. For this reason, it is often practical 
to change and decrease the reactivity of the B group at the same time that the S 
group is varied. 

(4) The selected compounds from Step (3) are then subjected to 
further rounds of Bidirectional Optimization. The above steps need not be 
perfomied in strict alternation. For example, a roimd of alteration of the S 
group may not yield sufficient improvement; in this case, the S group is 
modified again before the B group is altered. 

Bidirectional Optimization is continued imtil a compound is obtained 
that has the desired selectivity for the target protein and non-reactivity for non- 
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target molecules. 

The B group of a Bifiinctional Blocker forms a covalent bond with a 
side chain of an amino acid on the target protein to form a stable product. A 
stable product has a sufficiently long half-life in physiological conditions that 
5 useful inhibition of the target protein results. Thus, the rate of reaction of the 
Bifiinctional Blocker and the amino acid side chain of the target protein is not 
the important factor; the important issue is that the two react to give a stable 
product. For example, some amino acid side chains, such as cysteine, react 
quickly; these side chains, however, give relatively unstable products when 

10 reacted with B Groups such as esters, eddehydes, and ketones. 

Bifiinctional Blockers are able to bind selectively to target proteins 
because the S group brings the B group into close proximity with the target 
protein surface. The B group is thus physically constrained to be near the 
amino acid with which it reacts. The effective concentration of a physically 

15 constrained reactive group can be as high as 10^ to 10^ M in the neighborhood 
of its target group, leading to a significant enhancement of the reaction rate. 
This high effective concentration results firom several factors, including 
physical proximity, loss of rotational entropy, and loss of translational entropy. 
The Bifiinctional Blockers_described in this application bring reactive groups 

20 into close physical proximity, and result in a loss of translational entropy. A 
conservative estimate is that a typical effective concentration of a reactive B 
group, when part of a protein-bound Bifimctional Blocker, is about 10^ M. 

In addition to being selective for the target protein, the Bifimctional 
Blocker must be sufficiently non-reactive with non-target molecules that 

25 significant adverse side effects, such as drug allergy, do not result. The desired 
level of reactivity can be determined using, as a model, a compound known to 
occasionally cause drug allergy. One particular example of such a compound is 
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penicillin, which is well-known to cause allergic symptoms in some patients. 
Penicillin modifies blood proteins non-specifically by covalently bonding to 
lysine, and, as a result, certain individuals in a population suffer an allergic 
reaction to this drug. The vast majority of the population, however, does not 
5 have such an allergic response. The forward reaction rate of penicillin with 
lysine side chains in proteins, which is about IxlO'^/M/sec in physiological 
conditions, can therefore be considered an approximate upper limit for a safe 
level of reactivity with a non-target protein. 

In sum, using the technique of Bidirectional Optimization, 

1 0 Bifunctional Blockers that bind tightly to target proteins, yet are sufficiently 
unreactive with non-target molecules to avoid side effects such as drug allergy, 
may be sjoithesized. These compounds can be formiilated into pharmaceutical 
compositions using techniques known to those skilled in the art. 

There now follow particular examples of Bifunctional Blockers and 

15 Bidirectional Optimization according to the invention. These examples are 
provided for the purpose of illustrating the invention, and should not be 
construed as limiting. 

Example 1 : Inhibition of the Fos/Jun Interaction 

Fos arid Jun are inducible DNA-binding proteins that tum on 

20 transcription as a final step in many different signal transduction pathways. For 
example, the transcription of Fos is activated when Nerve Growth Factor is 
added to PC 12 cells. Nerve Growth Factor is a stimulator of pain sensation in 
adult mannmals; blocking Fos function is therefore a useful approach to the 
treatment of chronic pain. Fos has a cysteine thiol group, which reacts with 

25 alkyl halides on or near its surface of interaction with Jun; covalent attachment 
of a typical drug-sized molecule to this group would therefore disrupt Fos/Jun 
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interactions. 

A Bifunctional Blocker for this purpose is developed as follows. A 
family of candidate compounds is synthesized by combinatorial chemistry 
using, for example, the method of Hogan, Nature Biotechnology 15:328-330 
5 (1997); Janda et al.. Methods Enzymol. 267:234-247 (1996); or Gordon, Curr. 
Opin. BiotechnoL 6(6): 624-631 (1995) to generate S groups. The B group of 
these compounds is preferably an alpha-bromo carboxylic acid, which is 
expected to undergo nucleophilic attack by the cysteine thiol group with a 
forward rate constant of about 8xlO*^/M/sec. A B group is attached to each of 

10 the S groups of the compounds by a straight alkyl chain of any appropriate 
length. An example of such a compound is [S * 
groupl-CHzCHjCHjCHBrCOOH. 

The activity of each candidate compound is assayed, for example, as 
follows. Fos is bound to the bottom of a microtiter plate by standard 

15 procedures. Each candidate compound is added to a final concentration of 1 
/^M and incubated with the Fos protein for 45 minutes. The plate wells are 
washed to remove unbound compounds, Fluoresceinated Jun protein and a 
DNA oligonucleotide comprising a Fos/Jun binding site are tiien added. The 
mixture is incubated for an additional 30 minutes; the wells are washed, and the 

20 binding of fluoresceinated Jun is measured. Compoimds that cause at least 

90% inhibition are exsunined for further study. Alternatively, a variation of the 
gel-shift assay used by Abate et al.. Science 249: 1 1 57-1 161 (1990), or a 
variation of the assay for protein-protein interaction of Devos et al., European 
Journal of Biochemistry 225: 635-640 (1994), may be used to assay Fos/Jun 

25 interactions. 

For a provided candidate compound, the affinity of the S group for 
Fos can be expected to be K^u-mity = lO'^/M. When the compound is 
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non-covalently bound to a protein, the effective concentration of its B group in 
the range of the target cysteine is likely to be at least 10^ M. (Although in 
practice, the affinity of the S group and the effective concentration of the B 
group are often not determinable as separate quantities.) The fractional 
5 occupancy is the extent to which the compound, present in excess and under 
non-saturating conditions (i.e., at a concentration of 10'^ M), non-covalently 
binds to the target protein, and is given by the following equation: 

fractional occupancy = [concentration of Blocker] x Kafl-mity — 10"^M x 10^/M 

Under these circumstances, the forward rate (k) of covalent bonding is 

10 (fractional occupancy) x (effective concentration with foil occupancy) x 
(forward rate constant for compound with free cysteine) x [protein 
concentration] = 0.01 x 1000 M x 0.000 1/M/sec x [protein cone] = lO Vsec x 
[protein concentration]. 

The proportion of unreacted protein that remains after time t is given by (e"*"*)* 
15 where k is the forward rate of covalent bonding and t is time in seconds. It 

follows that the amount of covalently bonded protein is (1-e ''^). Thus, the rate 
calculated using the above equation indicates that, in 45 minutes (2700 
seconds), tiie provided candidate compoimd covalently bonds to (1-e"^*^), or 
95%, of the target protein, and causes a 95% inhibition in the protein 
20 interaction assay described above. 

The -CHzCHzCHzCHBrCOOH B group is replaced with a 
-CH2CH2CH2C(CH3)BrCOOH B group, which is expected to be about 15-fold 
less reactive. At the same time, derivatives of the S group are attached to the 
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new B group. The new compounds are assayed as described above. Due to the 
decreased reactivity of the new B group, the S group must be able to bind at 
least 7-fold more tightly than the previous S group to achieve 90% inhibition in 
the assay. If an improvement of less than 7-fold in the binding constant of the 
5 S group is achieved, less than 90% inhibition will be achieved. In this case, 
further modifications of the S group are made before the B group is altered 
again. 

In the second round of Bidirectional Optimization, the 
-CH2CH2CH2C(CH3)BrCOOH B group is replaced with a 
10 -CH2CH2CH2CHCICOOH B group, which is expected to be about 15-fold less 
reactive than the -CH2CH2CH2C(CH3)BrCOOH B group. At the same time, 
derivatives of the S group are synthesized and attached to the 
-CH2CH2CH2CHCICOOH B group. The compounds are assayed as described 
above. 

15 A compound containing an S group that, in combination with the 

-CH2CH2CH2CHCICOOH B group, causes the same inhibition of Fos-Jun 
interaction, represents about a 200-fold improvement in the Bifunctional 
Blocker. This improved compound has about the same reactivity for the target 
protein as the starting compound, but the selectivity of the compound is 

20 improved by about 200-fold. 

A Bifunctional Blocker with a -CH2CH2CH2CHCICOOH B group 
has a non-specific covalent bonding rate with proteins of about 4xlO"''/M/sec, 
which is significantly lower than the covalent bonding rate for penicillin; this 
compound is therefore potentially useful as a drug. 

25 Example 2: Inhibition of the IL-l /IL-lR Interaction 

The IL-1 beta protein interacts with the IL-1 receptor (IL-IR) to 
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stimulate inflammation. Disruption of this process is therefore a useful 
approach for treating a number of inflammatory diseases. There is a 
solvent-exposed methionine residue (Met36) in IL-1 beta near its interaction 
surface with IL-IR, and attachment of a drug-sized molecule to this residue is 

5 expected to disrupt the interaction with IL-IR. 

In this particular example, a provided compound with a B group 
consisting of 2-methoxy-5-nitrobenzyl bromide, shown in Fig. 4, is preferably 
used as the starting point. 2-Methoxy-5-nitrobenzyl bromide covalently bonds 
to tryptophan, methionine, and cysteine residues in proteins. The rate of 

10 reaction with methionine and tryptophan is similar, and is about 1.5-3 x 
10"^/M/sec. The reaction occurs by an S^l mechanism; the reaction rate is 
therefore relatively insensitive to the reactivity of the nucleophilic amino acid, 
and instead depends on the reactivity of the electrophile. The reactivity of 
2-methoxy-5-nitrobenzyl bromide is strongly influenced by the electronic 

15 effects of substituents on the benzene ring. The addition of 

electron-withdrawing groups, such as halides, decreases the rate of SnI 
reactions. 

To illustrate the power of the Bidirectional Optimization method, a 
candidate compound including an S group having a non-covalent affinity of 

20 only Kaff„jity= 10^/M for IL-1 beta is used in this example. The reactivity of the 
candidate compound including 2-methoxy-5-nitrobenzyl bromide will be about 
the same as tiie reactivity of 2-methoxy-5-nitrobenzyl bromide itself, because 
the electronic effect of the S group is small. Therefore, the candidate 
compound has a non-specific reaction rate with exposed methionine side chains 

25 of about 

1 X 10-^/M/sec. 

The interaction of IL-1 beta with the soluble form of IL-IR is 
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assayed in a protein-based assay similar to those described above, using the 
same protein concentrations and incubation times as described above. 

When the compound is non-covalently boxmd to IL-1 beta, there is 
likely to be an effective concentration of at least 10^ M of the 
5 2-methoxy-5-nitrobenzyl bromide group in the neighborhood of Met36. In this 
example, the fractional occupancy is 10"^M x 10^/M = 0.001. According to the 
equation of Example 1, the forward rate of production of covalently bonded 
protein is 10"^ x [protein concentration]. 

Bidirectional Optimization is used to reduce the non-specific 

10 reactivity of the compoimd to equal to or less than that of penicillin as follows. 
The2-methoxy-5-nitrobenzyl bromide group is replaced by a similar group 
with a fluorine in the 6 (ortho) position; this replacement reduces reactivity by 
about 20-fold. At the same time, variants of the S group are attached to this 
new, less reactive B group, and the new compounds are screened for activity. 

15 The compounds that are most effective in blocking the IL-1 beta/IL-lR 

interaction are chosen for fixrther optimization. These compoxmds are also 
checked for reduced reactivity with free methionine and with non-target 
molecules. 

A second step of Bidirectional Optimization proceeds as follows. 

20 The 2-methoxy-5-nitro-6-fluorobenzyl bromide B group is replaced with 
2-methoxy-5-nitro-6-bromobenzyl bromide; this replacement depresses the 
reaction rate even fiulher. As described above, the S group is further modified. 
The most active compounds are then tested for reduced reactivity against firee 
methionine and against non-target proteins. 

25 An alternative way to use Bidirectional Optimization to reduce the 

non-specific reactivity of the compound to equal to or less than that of 
penicillin is to introduce a bromine at the 4 position of the benzene ring (an 
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~5-fold effect), or to replace the bromine leaving group with a chlorine (an 
-'40-fold effect). These effects are summarized in Tables 1 and 2. The 
non-specific reactivity of the compound will then be less than lO'^/M/sec, 
which is comparable to the reactivity of penicillin for amino acid side chains in 
5 proteins. 

Table L Effects of halogen substitutions of the phenyl ring on S^l reaction 
rates. 





Relative reaction rate 


R = H 


1.0 


R = F 


0.05 


R = Br 


0.006 


R'=H 


1.0 


R'=Br 


0.2 



Table 2. Effects of the leaving group on S^jl reaction rates. 



Leaving group 


Relative reaction rate 


Br 


1 


CI 


0.025 



Example 3: Inhibition of the MCP-1/CCR2 Interaction 

Monocyte/Macrophage Chemotactic Protein- 1 (MCP-1), a 
chemokine released by inflamed celis, attracts monocytes and macrophages to 
'30 sites of tissue damage. Its receptor, CC-Chemokine Receptor 2 (CCR2), is 

present on the surface of monocytes and macrophages. Both of these proteins 
are thought to play a role in the development of atherosclerosis. 
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Atherosclerosis develops when macrophages migrate into the subendothelial 
space in a blood vessel, take up cholesterol, and turn into "foam cells," which 
then die and leave behind cholesterol crystals. The inhibition of the interaction 
of MCP-1 and CCR2 is therefore potentially useful for controlling 
5 atherosclerosis and other inflanmiatory diseases. 

The three-dimensional structure of MCP-1 has been determined. It is 
thought that amino acids 22 to 34 play a key role in the interaction between 
MCP-1 and CCR2. Possible targets for covalent modification include Lys44, 
which is adjacent to the stretch of amino acids 22 to 34, Ser27, and Ser34. 

10 A Bifunctional Blocker that binds to MCP- 1 , thereby disrupting its 

interaction with CCR2, is developed as follows. A compound that is known to 
bind non-covalently to the MCP-1 pocket, such as a peptide segment from 
CCR2, is used as a Specificity Group. Altematively, an S group is chosen 
using conventional screens that identify compounds that inhibit the 

15 MCP-1/CCR2 interaction. In one particular example, the provided compound 
has an S Group with a predicted non-covalent aflBnity for MCP-1 of Ka^nity = 

10VM(Kdi„ociation=lniM. 

A Bonding Group, such as the aspirin derivative 
3,5-dibromoacetylsalicylic acid, is linked to the Specificity Group to construct 

20 a first-generation Bifimctional Blocker that covalently bonds to MCP-1 . The B 
Group is attached to the S Group by an alkyl chain of any length. For example, 
an alkyl chain having between 2 and 12 carbon atoms may be used. An 
example of such a compound is 4-[S g:oup]-3,5-dibromoacetylsalicylic acid. 
Such a compound has a reactivity with firee lysine side chains of about 1 x 

25 10-VM/sec, at 37"C, pH 7.5. 

The candidate Bifunctional Blocker is incubated, at a concentration 
of 1 nM, for 45 minutes at 37°C at pH 7.5 with purified ^^^Mabeled MCP- 1 . 
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The inhibition of MCP-1 activity is assayed, for example, according to the 
procedure of Ernst et al. {J. Immunol. 152:3541-3549 (1994)). In this 
procedure, ^^^I-labeled MCP-1 is added to elutriated monocytes, which express 
the CCR2 receptor in their plasma membranes. Altematively, an extract of the 
5 monocyte cell membranes is made and adhered to microtiter wells, according to 
standard procedures, 

When the compound is non-covalently boimd to MCP-1, the 
effective concentration of its B group in the range of a target lysine is 
calculated to be at least 10^ M. The fractional occupancy of the Bifimctional 

10 Blocker on MCP-1 is given by the following equation: 

Fractional occupancy = concentration of Blocker x K^ffiniiy = 10"* M x 
1 Under these circumstances, the forward rate (k) of covalent bonding is 
(fractional occupancy) x (effective concentration with foil occupancy) x 
(forward rate constant for compound with free lysine) x [protein concentration] 

15 = 0.001 X 1000 M X 0.001/M/sec x [protein concentration] = lO Vsec x [protein 
concentration]. 

The proportion of unreacted protein that remains after time t is given 
by (e*^0> where k is the forward rate of covalent bonding and t is the time in 
seconds. Thus, the rate calculated using the above equation indicates that, in 45 
20 minutes (2700 seconds), such a compound covalently bonds to (1-e**"), or 95%, 
of the target protein, and causes a 95% inhibition in the protein interaction 
assay described above. 

The 3,5-dibromoacetylsalicylic acid B group is replaced with an 
acetylsalicylic acid (aspirin) B group, which is expected to be approximately 
25 8-fold less reactive. At the same time, derivatives of the S group, generated by 
standard medicinal chemistry techniques, are attached to the new B group. The 
new compounds are assayed as described above. Because of the decreased 
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reactivity of the new B group, the S group must be able to bind at least about 
4-fold more tightly to achieve 90% inhibition in the assay. If an improvement 
of less than 4-fold in the binding constant of the S group is achieved, less than 
90% inhibition will be achieved. In this case, further modifications of the S 

5 group are made before the B group is altered iagain. 

A compound containing a S group that, in combination with the 
acetylsalicylic acid B group, is an effective inhibitor of MCP-l/CCR-2 
interaction. At the same time, this Bifunctional Blocker has approximately the 
non-specific reactivity of aspirin, a compound that has been shown to be quite 

10 safe. 

The use of acylating agents such as aspirin, penicillin, and their 
derivatives helps avoid the modification of important cysteine-containing 
non-target proteins. Cysteine has the most reactive of all the amino acid side 
chains. Because the side chain of cysteine has a much more reactive 

15 nucleophile than, for example, the side chain of lysine or serine, cysteines on 
important proteins can become substantially modified. When these cysteines 
are altered, the corresponding proteins become inhibited, resulting in undesired 
side effects. When aspirin is used as an acylating agent, however, the acylation 
of cysteine results in an imstable thiol ester that spontaneously hydrolyzes to 

20 regeno-ate cysteine. The cysteine-containing proteins therefore remain 
substantially unaltered. 

Example 4: Preparation of Combinatorial Chemistrv Libraries 

Libraries of compounds may be sjmthesized using combinatorial 
chemistry techniques, in which a particular B group is incorporated into each 
25 member of the library. For convenience, a Bonding Group with a reactivity 
about the same as that of penicillin is preferably employed. 
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The strategies and techniques for generating such combinatorial 
libraries are £aniiliar to those skilled in the art of medicinal chemistry. To 
incorporate a reactive Bonding Group into the library, it is necessary to add the 
reactive Bonding Group in a protected form, to add the Bonding Group in the 

5 final synthetic step, or to take some other precaution to ensure that the Bonding 
Group does not undergo a reaction during constmction of the library. The 
specific strategies and techniques to accomplish such a synthesis are familiar to 
those skilled in the art of medicinal chemistry. 

All publications and patents mentioned in this specification are 

10 herein incorporated by reference to the same extent as if each individual 
publication or patent was specifically and individually indicated to be 
incorporated by reference. 

Other Emboditngpts 
From the foregoing description, it will be apparent that variations 
15 and modifications may be made to the invention described herein to adopt it to 
various usages and conditions. Such embodiments are also within the scope of 
the following claims. 

What is claimed is: 
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1 . A substantially pure compound having a molecular weight of less 
than 1500 daltons, said compoimd non-covalently interacting with a target 
protein and covalently bonding to said target protein at an amino acid side 

5 chain that is not part of an enzyme active ^ite, a covalently bound portion of 
said compound sterically blocking the binding of said target protein to a second 
protein, wherein said compound bonds to said target protein with a forward 
reaction rate that is at least 100 times faster than the forward reaction rate at 
which said compound bonds to the side chain of the corresponding free amino 
1 0 acid imder physiological conditions. 

2, The compound of claim 1, wherein said compound bonds to said 
target protein with a forward reaction rate that is at least 1000 times faster than 
the forward reaction rate at which said compound bonds to the side chain of 
said free amino acid under physiological conditions. 

15 3. The compound of claim 1 , wherein said compound bonds to said 

target protein with a forward reaction rate that is at least 10,000 times faster 
than the forward reaction rate at which said compound bonds to the side chain 
of said free amino acid under physiological conditions. 

4. The compound of claim 1, wherein said compound bonds to said 
20 target protein with a forward reaction rate that is at least 100,000 times faster 

than the forward reaction rate at which said compound bonds to the side chain 
of said free amino acid under physiological conditions. 

5. The compound of claim 1 , wherein said compound has a covalent 
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bonding rate constant with the side chain of said free amino acid of less than 
10"^/M/sec at room temperature under physiological conditions. 

6. The compoxmd of claim 1, wherein said compound has a covalent 
bonding rate constant with the side chain of said free amino acid of less than 

5 10"^/M/sec at room temperature under physiological conditions. 

7. The compound of claim 1, wherein said compound has a covalent 
bonding rate constant with the side chain of said fi^e amino acid of less than 
lO'^/M/sec at room temperature under physiological conditions. 

8. The compound of claim 1, wherein said compound comprises (a) 
10 a Specificity Group whose removal results in the bonding reaction rate with 

said side chain of said free amino acid being substantially xmchanged, and the 
bonding reaction rate with said target protein being reduced to a rate that is 
substantially similar to the bonding reaction rate with said side chain of said 
free amino acid; and (b) a Bonding Group that forms the covalent bond with 
1 5 said target protein, wherein modification of said Specificity Group does not 
substantially alter the bonding reactivity of said Bonding Group. 

9. The compound of claim 8, wherein said Bonding Group forms 

said covalent bond with said amino acid on said target protein as a result of the 

intrinsic reactivity of said Bonding Grroup. 

. .> 

20 10. The compoimd of claim 1, wherein said target protein is not an 

enzyme. 
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1 1 . The compoimd of claim 10, wherein said compound bonds to 
said target protein with a forward reaction rate that is at least 1000 times faster 
than the forward reaction rate at which said compound bonds to said side chain 
of said free amino acid under physiological conditions. 

I 

5 12. The compound of claim 10, wherein said compound has a 

covalent bonding rate constant with said side chain of said free amino acid of ' 

i 

less than lO VM/sec at room temperature under physiological conditions. | 

i 

13. The compound of claim 10, wherein said compound has a i 
covalent bonding rate constant with said side chain of said free amino acid of 

j 

10 less than 10'*/M/sec at room temperature under physiological conditions. 

14. The compound of claim 10, wherein said compound has a | 
covalent bonding rate constant with said side chain of said free amino acid of I 
less than lO'^/M/sec at room temperature under physiological conditions. 



15. The compound of claim 1, wherein said compound is a synthetic 
15 compound. 

16. A substantially pure compound having a molecular weight of 
less than 1500 daltons, said compound comprising a Specificity Group that 
non-covalently interacts with the surface of a target protein and a Bonding 
Group that covalently bonds to said target protein, a covalently bound portion 

20 of said compound competitively and sterically inhibiting the binding of a 
second protein to said target protein. 
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17. A combinatorial chemistry library containing at least 25 
compounds, each compound comprising the same Bonding Group, said 
Bonding Group covalently bonding to the side chains of amino acids, wherein 
the covalent bonding rate constant is between lO'^/M/sec and 10"^/M/sec for the 

5 reaction of said Bonding Group with the side chain of the free amino acid that 
reacts most rapidly with said Bonding Group to give a stable product. 

18. The library of claim 17, wherein each compound comprises a 
Specificity Group. 

19. A pharmaceutical composition comprising (a) a substantially 
1 0 pure compoimd having a molecular weight of less than 1 500 daltons, said 

compound non-covalently interacting with a target protein and covalently 
bonding to said target protein at an amino acid side chain that is not part of an 
enzyme active site, a covalently bound portion of said compound sterically 
blocking the binding of said target protein to a second protein, wherein said 
15 compound bonds to said target protein with a forward reaction rate that is at 
least 100 times faster than the forward reaction rate at which said compound 
bonds to the side chain of the corresponding free amino acid imder 
physiological conditions, and (b) a pharmaceutically acceptable carrier. 

20. The composition of claim 19, wherein said compound bonds to 
20 said target protein with a forward reaction rate that is at least 1 000 times faster 

than the forward reaction rate at which said compound bonds to said side chain 
of said free amino acid imder physiological conditions. 

21. The composition of claim 19, wherein said compound bonds to 
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said target protein with a forward reaction rate that is at least 10,000 times 
faster than the forward reaction rate at which said compound bonds to said side 
chain of said free amino acid under physiological conditions. 

22- The composition of claim 19, wherein said compound bonds to 
5 said target protein with a forward reaction rate that is at least 1 00,000 times 
faster than the forward reaction rate at which said compound bonds to said side 
chain of said free amino acid under physiological conditions. 

23. The composition of claim 19, wherein said compound has a 
covalent bonding rate constant with said side chain of said ft«e amino acid of 

10 less than lO'^/M/sec at room temperature under physiological conditions. 

24. The composition of claim 19, wherein said compound has a 
covalent bonding rate constant with said side chain of said free amino acid of 
less than lO'^/M/sec at room temperature under physiological conditions. 

25. The composition of claim 19, wherein said compound has a 

1 5 covalent bonding rate constant with said side chain of said free amino acid of 
less than lO'^/M/sec at room temperature under physiological conditions. 

26. The composition of claim 19, wherein said compound comprises 
(a) a Specificity Group whose removal results in the bonding reaction rate of 
the compoxmd with said side chain of said free amino acid being substantially 

20 unchanged, and the bonding reaction rate of the compound with said target 
protein being reduced to a rate that is substantially similar to the bonding rate 
with said side chain of said free amino acid; and (b) a Bonding Group that 
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forms a covalent bond Avith said amino acid on said target protein, wherein 
modification of said Specificity Group does not substantially alter the bonding 
reactivity of said Bonding Group. 

27. The composition of claim 26, wherein said Bonding Group 

S forms said covalent bond with said amino acid on said target protein as a result 
of the intrinsic reactivity of said Bonding Group. 

28. The composition of claim 19, wherein said target protein is not 
an en2yme. 

29. The composition of claim 28, wherein said compound bonds to 
10 said target protein with a forward reaction rate that is at least 1000 times faster 

than the forward reaction rate at which said compound bonds to said side chain 
of said free amino acid under physiological conditions. 

30. The composition of claim 28, wherein said compound has a 
covalent bonding rate constant with said side chain of said free amino acid of 

1 5 less than 1 0"^/M/sec at room temperature under physiological conditions. 

3 1 . The composition of claim 28, wherein said compound has a 
covalent bonding rate constant with said side chain of said free anodno acid of 
less than lO'^/M/sec at room temperature under physiological conditions. 

32. The composition of claim 28, wherein said compound has a 
20 covalent bonding rate constant with said side chain of said free amino acid of 

less than lO'^/M/sec at room temperature under physiological conditions. 
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33. A method of producing a compound that selectively binds to a 
target protein, said method comprising 

(a) providing a candidate compound having a molecular weight of 
less than 1500 daltons and comprising a first group and a second group, 

S wherein said second group covalently bonds to an amino acid side chain of said 
target protein and said first group does not covalently bond to any amino acid 
side chain; 

(b) testing said candidate compoimd for inhibition of the interaction 
of said target protein and a second protein; 

10 (c) testing said candidate compound for binding to a non-target 

molecule; 

(d) testing said candidate compound for bonding reactivity of said 
second group with said amino acid side chain of said target protein; 

(e) altering said first group and selecting for increased selectivity for 
15 said target protein, wherein increased selectivity is indicated by an increase in 

the inhibition of the interaction of the target protein and said second protein, 
relative to said binding to said non-target molecule; 

(f) altering said second group and selecting for decreased bonding 
reactivity of said second group with said amino acid side chain of said target 

20 protein and with the non-target molecule; and 

(g) optionally repeating steps (e) and (f), whereby a compoimd is 
obtained that has a selectivity for the target protein, relative to the non-target 
molecule, that is at least 100 times greater than said candidate compound of 
step (a). 

25 34. The method of claim 33, wherein said compound selectively 

binds to said target protein at an amino acid side chain that is not part of an 
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enzyme active site, and wherein said compound binds to said target protein at a 
site of protein-protein interaction, 

35. The method of claim 33, wherein said candidate compound is 
present in or chosen from a combinatorial chemistry library. 

5 36. The method of claim 33, wherein said fest group is a Specificity 

Group that non-covalently binds to said protein under physiological conditions, 
and said second group is a Bonding Group that forms a covalent bond with said 
amino acid side chain on said protein, wherein modification of said Specificity 
Group does not substantially altet the reactivity of said Bonding Group. 

10 37. The method of claim 33, wherein said candidate compound of 

step (a) is the compound of claim 1. 

38. A method of producing a compound that selectively binds to a 
target protein, said method comprising 

(a) providing a candidate compound having a molecular weight of 
1 S less than 1 500 daltons and comprising a first group and a second group, 

wherein said second group covalently bonds to an amino acid side chain of said 
target protein and said first group does not covalently bond to any amino acid 
side chain; 

(b) testing said candidate^compound for inhibition of the interaction 
20 of said target protein and a second protein; 

(c) testing said candidate compound for binding to a non-target 

molecule; 

(d) testing said candidate compound for bonding reactivity of said 
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second group with said amino acid side chain of said target protein; 

(e) altering said first group and selecting for increased selectivity for 
said target protein, wherein increased selectivity is indicated by an increase in 
the inhibition of the interaction of the target protein and said second protein, 

5 relative to said binding to said non-target molecule; 

(f) altering said second group and selecting for decreased bonding 
reactivity of said second group with said amino acid side chain of said target 
protein and with the non-target molecule; and 

(g) optionally repeating steps (e) and (f), whereby a compoimd is 

1 0 obtained that has a selectivity for the target protein, relative to the non-target 
molecule, that is at least 100 times greater than said candidate compound of 
step (a), wherein said compound has a covalent bonding rate with the side chain 
of the corresponding free amino acid of less than lO'^/M/sec at room 
temperature under physiological conditions. 

15 39. The method of claim 38, wherein said compound selectively 

binds to said target protein at an amino acid side chain that is not part of an 
enzyme active site, and wherein said compound binds to said target protein at a 
site of protein-protein interaction. 

40. A method of producing a compound that selectively binds to a 
20 target protein, said method comprising 

(a) providing a candidate compound having a molecular weight of 
less than 1500 daltons and comprising a first group and a second group, 
wherein said second group covalently bonds to an amino acid side chain of said 
target protein and said first group does not covalently bond to any amino acid 
25 side chain; 
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(b) testing said candidate compound for inhibition of the interaction 
of said target protein and a second protein; 

(c) testing said candidate compound for binding to a non-target 

molecule; 

5 (d) altering said first group and selecting for increased selectivity for 

said target protein, wherein increased selectivity is indicated by an increase in 
the inhibition of the interaction of the target protein and said second protein, 
relative to said binding to said non-target molecule; 

(e) replacing said second group with a group known to be less 

10 reactive, altering said first group, and selecting for substantially unchanged or 
increased inhibition; and 

(f) optionally repeating steps (d) and (e), whereby a compound is 
obtained that has a selectivity for the target protein, relative to the non-target 
molecule, that is at least 100 times greater than said candidate compound of 

15 step (a). 

41 . The method of claim 40, wherein said compound selectively 
binds to said target protein at an amino acid side chain that is not part of an 
enaqrme active site, and wherein said compound binds to said target protein at a 
site of protein-protein interaction. 

20 42. A method of sterically blocking protein-protein binding, flie 

method comprising contacting a target protein with a substantially pure 
compound having a molecular weight of less than 1500 daltons, said compound 
non-covalently interacting with a target protein and covalently bonding to said 
target protein at an amino acid side chain that is not part of an enzyme active 

25 site, a covalently bound portion of said compound sterically blocking the 
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binding of said target protein to a second protein, wherein said compound 
bonds to said target protein with a forward reaction rate that is at least 100 
times faster than the forward reaction rate at which said compound bonds to the 
side chain of the corresponding free amino acid, said compound having a 
5 covalent bonding rate constant with said side chain of said free amino acid of 
less than lO'^/M/sec under physiological conditions. 

43. The method of claim 42, wherein said compound bonds to said 
target protein with a forward reaction rate that is at least 1000 times faster than 
the forward reaction rate at which said compound bonds to said side chain of 

10 said free amino acid under physiological conditions. 

44. The method of claim 42, wherein said compound bonds to said 
target protein with a forward reaction rate that is at least 1 0,000 times faster 
than the forward reaction rate at which said compound bonds to said side chain 
of said free amino acid under physiological conditions. 

15 45. The method of claim 42, wherein said compound bonds to said 

target protein with a forw^d reaction rate that is at least 100,000 times faster 
than the forward reaction rate at which said compound bonds to said side chain 
of said free amino acid under physiological conditions. 

46. The method of claim 42, wherein said compound has a covalent 
20 bonding rate constant with said side chain of said fi^e amino acid of less than 

10~^/M/sec at room temperature under physiological conditions. 

47. The method of claim 42, wherein said compound has a covalent 
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bonding rate constant with said side chain of said free amino acid of less than 
lO'^/M/sec at room temperature under physiological conditions. 

48. The method of claim 42, wherein said target protein is not an 

enz3mie. 

5 49. The method of claim 42, wherein said compound is a synthetic 

compound. 

50. The method of claim 42, wherein said protein-protein binding is 
blocked in a mammal. 

51 . The method of claim 50, wherein said protein-protein binding is 
10 blocked in a human. 

52. The method of claim 42, wherein said protein-protein binding 
causes a disease. 

53. The method of claim 42, wherein said compound comprises (a) a 
Specificity Group whose removal results in the bonding reaction rate with said 

1 S side chain of said free amino acid being substantially unchanged, and tiie 
bonding reaction rate with said target protein being reduced to a rate that is 
substantially similar to the bonding reaction rate with said side chain of said 
free amino acid; and (b) a Bonding Group that forms the covalent bond with 
said target protein, wherein modification of said Specificity Group does not 

20 substantially alter the bonding reactivity of said Bonding Group. 
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54. The method of claim 53, wherein said Bonding Group forms 
said covalent bond with said side chain of said amino acid on said target protein 
as a result of the intrinsic reactivity of said Bonding Grroup. 
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limited by generic characteristic and the claims do not recite any structure which would permit a search of the claimed 
compounds and compositions. Moreover, many of the "fiinctional limitations'' recited in the claims do not limit the 
product because they only recite features that are inherent properties. 

In Older to proceed with a more compact prosecution the examiner has applied art fixjm the field of peptide chemistry 
although this in no way reflects the fiill scope of the claimed invention. 
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